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ally related, or homologous, to each other and, to a 
lesser extent, to V K and V A . 

Heavy Chain Structure 

All heavy chain polypeptides, regardless of anti- 
body isotype, contain a tandem series of approxi- 
mately 110 amino acid residue sequences. These 
sequences are homologous to each other, and all 
undergo characteristic folding into 12 kD Ig domains. 
As in light chains, the amino terminal variable, or V H , 
domain displays the greatest sequence variation 
among heavy chains and the most variable residues 
are concentrated into three short (up to ten amino 
acid residue) stretches called CDR1, CDR2, and CDR3 
(Fig. 3-4). Also similar to light chains, the heavy 
chain CDR3 shows greater sequence variability than 
CDR1 or CDR2. 

The remainder of the heavy chain, which forms 
the constant (C) region, differs among isotypes; how- 
ever, it is invariant among the member antibodies 
within a particular isotype. In IgM and IgE antibodies, 
the constant region is of sufficient length to form four 
separate Ig domains. In IgG, IgA, and IgD antibodies, 
the shorter constant regions form three Ig domains. 
(In the mouse, the S chain gene has undergone a dele- 
tion such that the protein product forms only two Ig 
domains.) 

In y, a, and 8 heavy chains, there is a nonglobular 
region of amino acid sequence, containing from about 
ten (in al, a2, yl, y2, and y4) to over 60 (in y3 or <5) 
residues, located between the first and second con- 
stant region domains (called C„l and C„2, respec- 
tively). Although portions of this sequence form rod- 
like helical structures, other portions assume a 
random and flexible conformation, permitting molecu- 
lar motion between C H 1 and C„2. For this reason, this 
portion of the heavy chain is called the hinge. Some of 
the greatest differences between the constant regions 
of the IgG subclasses are concentrated in the hinge 
region. For steric reasons, antibody subtypes with 
flexible hinges may be better able to use more than 
one antigen-binding site to attach to a particular anti- 
gen; as discussed later in this chapter, binding involv- 
ing more than one attachment point will increase the 
strength of attachment. 

All heavy chains may be expressed in one of two 
molecular forms that differ in amino acid sequence on 
the carboxy terminal side of the last C H domain. The 
secretory form, found in blood plasma, terminates 
with a sequence containing charged and hydrophilic 
amino acids. The membrane form, found only on the 
plasma membrane of the B lymphocyte that synthe- 
sized the antibody, has distinct carboxy terminal se- 
quences that include approximately 26 uncharged, 
hydrophobic side chains followed by variable num- 
bers of charged (usually basic) amino acids that form 
the cytoplasmic segments (Fig. 3-5). This structural 
motif is characteristic of transmembrane proteins. 
The hydrophobic residues are believed to form an 
a-helix, which extends across the hydrophobic por- 
tion of the membrane lipid bilayer; the basic side 



chains of the cytoplasmic amino acids interact with 
the phospholipid head groups on the cytoplasmic 
surface of the membrane. In membrane IgM or IgD, the 
extreme carboxy terminus or cytoplasmic portion of 
the heavy chain is very short, only three amino acid 
residues; in membrane IgG or IgE, it is somewhat 
longer, up to about 30 amino acid residues in length. 

The secretory forms of //, a, and 5 heavy chains, 
but not y or €, have additional extended nonglobular 
sequences on the carboxy-terminal side of the last C H 
domain. These extensions are called tail pieces. In 
secreted IgM and IgA molecules, the tail pieces permit 
intermolecular interactions, resulting in multimeric Ig 
molecules. Specifically, IgM forms a pentamer, con- 
taining ten heavy chains and ten light chains, and IgA 
can form dimers containing four heavy chains and 
four light chains, or trimers, containing six heavy 
chains and six light chains (Fig. 3-6). Little is known 
about the usual form of circulating IgD because it is 
normally present in only trace amounts. Multimeric 
IgM and IgA also contain an additional 15 kD polypep- 
tide, called the joining (J) chain, which is disulfide- 
bonded to the tail pieces, stabilizing the multimer. All 
membrane Ig molecules, regardless of isotype, are be- 
lieved to be monomeric, containing two heavy and 
two light chains. 

All heavy chains are characteristically N-glyco- 
sylated; that is, the polypeptide contains N-linked oli- 
gosaccharide groups attached to asparagine side 
chains. The location of oligosaccharides may vary in 
different Ig isotypes. The precise composition of the 
oligosaccharides is not fully determined by the poly- 
peptide sequence and may also vary with the phys- 
iologic state of the host at the time of antibody syn- 
thesis. 

Association of Light and Heavy Chains 

The basic pattern of chain association in all anti- 
body molecules is that each light chain is attached to a 
heavy chain and each heavy chain pairs with another 
heavy chain. The interactions between light and heavy 
chains involve both covalent and non-covalent inter- 
actions (see Fig. 3-2). Covalent interactions are in the 
form of disulfide bonds between the carboxy terminus 
of the light chain and the carboxy terminal region of 
the V H domain or of the C H 1 domain of the heavy chain. 
The exact position of the heavy chain cysteine that 
participates in disulfide bond formation varies with 
the isotype. Non-covalent interactions arise primarily 
from hydrophobic interactions between the C L do- 
main and the C H 1 domain. This association of C L and 
C H 1 brings the V L and V H domains into spatial apposi- 
tion such that the juxtaposed V domains can each 
contribute to the binding of antigen (see Plate I, oppo- 
site page 52). 

The pairing of heavy chains is best understood 
from studies of IgG molecules. As in the case of light 
and heavy chain association, both covalent and non- 
covalent interactions are involved. Heavy chains form 
interchain disulfide bonds in the region near the car- 
boxy terminus of the hinge. Strong hydrophobic in- 
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